Abstract. The main results of this paper are two-fold. The first, Theorem 1, is a generalization of the work of Chow and others concerning the set of locally accessible points of a nonlinear control system. It is shown that under quite general conditions, this set lies on a surface in state space and has a nonempty interior in the relative topology of that surface.
1. Introduction. Consider the control system (1) 2 f (x(t), u(t)), x(O) x , u(t) f, where x (x, ..., x,) are coordinates of the state space, M is a paracompact 0 n-dimensional manifold, u (u, ., u) is the control, x= (x, x,) is the initial state, f _ [ is the set of admissible controls, and f is an n-vector-valued function. We assume that x so that the first coordinate of f is identically 1; also we assume that f is C with respect to x2, -.', x,, Ul, ..., u and piecewise C with respect to X l. We require that u(t) be a piecewise C-function of x.
The requirement of C differentiability is not essential, it is only to avoid counting the degree of differentiability required in any argument. The tangent space to M at x is denoted by M,. A control u(t) defines a vector field, f.(x) f(x, u(x)) on M and given two controls u(t), v(t), we can define a new vector field by means of the Lie bracket, (2) [.f,,f](x) (x)f(x) x(X)f(x), where (cf/x)(x) is an n x n matrix of partial derivatives at x.
A slight problem arises since f,,f are only piecewise C-functions of x, but at those values of x we can consider (2) We now raise the question whether sC'(x , U) is "thick" in L+, i.e., whether (x , U) has any interior as a subset of L +. The answer is affirmative as the following generalization of the work of Chow [2] , Lobry [14] , and Sussmann and Jurdjevic [19] Choose any control, say ul(t) (ul(t),..., u],(t)), and let fl(x) be the vector field .fl(X)-.f(x, ul(x1)). Let )o(S1)X 0 E '(XO, U, '-) using the control u , we can define a new curve q(r) 7o(Sl s)7(r)7o(-r)x. This is also C for small non- The second type of control variation is similar to the one introduced by Kelley [11] . Since dp(O+)/dr 0, the curve q(r) defined for small nonnegative r by q(r2/2) p(r)is C and dq(O+)/dr dZp(0 +)/dr 2 We can pull this control modification along to x 7o(Sl)X as before and obtain ) (6) The last type of control modification which we consider is to stop short of x or continue on past x .T hese lead to curves q(r)= 7o(xl + r)x = 7o(+r)x , whose derivatives are (7) dq(O+) + fo(x').
dr Let K x, be the convex cone in L +, generated by the vectors of the form (4), (6) and (7) [6] and Hermes [20] ). Since x, the usual one is equivalent to the following" the trajectory is singular if the cone generated by the vectors of the form (4) and (7) (4) and (7) is a linear space of dimension 3, since the trajectory is singular in the usual sense. If we add the variations of type (6), we see Kxl Lxl
Mxl and so is not singular in our sense. Notice that x is bang-bang accessible,
A subsystem of (3) Proof Let a(x),..., ak(x) be the right side of (8) for the finite number of constant controls satisfying Iv(t)l 1. Then (8) [5] as modified by Lobry [14] . 
